DIGITAL AGC CIRCUIT 

BACKGROUND OF THE INVENTION 

The present invention relates to a digital automatic gain control (AGC) circuit 
5 technology used for an address information demodulation circuit for demodulating address 
information recorded on a DVD (digital versatile disk) by phase modulation of a wobble 
signal. 

On recordable DVD+Rs, rewritable DVD+RWs and the like among DVDs of 
various standards, address information is recorded in advance by an address in pre-groove 
10 (ADBP) method in which address information is embedded in a wobble formed by 
meandering a groove in a sine-wave shape. By detecting the wobble signal, high-precision 
address detection is attained. 

The wobble signal from a DVD is binary phase-modulated by binary phase shift 
keying (BPSK). In an address information demodulation circuit, a technology of 
15 correcting a phase change (delay) caused by a band pass filter (BPF) of a carrier generation 
circuit is known (Japanese Laid-Open Patent Publication No. 2001-126413). 

A technology of digitizing an AGC circuit for demodulation of BPSK is also 
known. In this technology, an input BPSK signal is converted to digital signals by 
sampling the BPSK signal at positions different in phase by a quarter period from each 
2 0 other. Peak-to-peak values of the signals are compared with each other, and a gain for the 
input BPSK signal is computed from a larger peak-to-peak value, and fed back to thereby 
control the peak-to-peak value of the input BPSK signal at a predetermined value (see 
Japanese Laid-Open Patent Publication No. 8-335957). 

The wobble signal received from a DVD varies in amplitude in many cases. 
25 Therefore, conventionally, a problem arises that such amplitude variation still remains 
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even after gain adjustment with a large time constant is performed in an analog circuit. 

SUMMARY OF THE INVENTION 

An object of the present invention is providing a digital AGC circuit that performs 
5 gain adjustment of the amplitude of a wobble signal from a DVD to enable high-precision 
demodulation of address information. 

To attain the above object, the first digital AGC circuit of the present invention is a 
digital AGC circuit adopting feedforward control, used for an address information 
demodulation circuit for demodulating address information recorded on a DVD by phase 

10 modulation of a wobble signal. The digital AGC circuit includes: a peak detection circuit 
for receiving a digitized wobble signal and detecting a peak value in a time period equal to 
or more than a half period of the wobble signal; a gain computation circuit for computing a 
gain adjustment coefficient from the detected peak value; and a multiplier for multiplying 
the digitized wobble signal by the gain adjustment coefficient. 

15 The second digital AGC circuit of the present invention is a digital AGC circuit 

adopting feedback control, used for an address information demodulation circuit for 
demodulating address information recorded on a DVD by phase modulation of a wobble 
signal. The digital AGC circuit includes: a peak detection circuit for receiving an output of 
the digital AGC circuit and detecting a peak value in a time period equal to or more than a 

20 half period of the input; a gain computation circuit for computing a gain adjustment 
coefficient from the detected peak value; and a multiplier for receiving a digitized wobble 
signal and multiplying the wobble signal by the gain adjustment coefficient. 

According to the present invention, the digital AGC circuit adopts feedforward or 
feedback control using a peak value in a time period equal to or more than a half period of 

25 the wobble signal. Therefore, high precision demodulation of address information is 



possible. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an address information demodulation circuit for DVD 
5 including a digital AGC circuit of the present invention. 

FIG. 2 is a phase-modulated waveform of an input wobble signal in the address 
information demodulation circuit of FIG. 1. 

FIG. 3 is a waveform showing an example of variation in the amplitude of the input 
wobble signal in the address information demodulation circuit of FIG. 1. 
10 FIG. 4 is a block diagram of a first example of the digital AGC circuit of the 

present invention. 

FIG. 5 is a block diagram of a second example of the digital AGC circuit of the 
present invention. 

FIG. 6 is a block diagram of a first example of a peak detection circuit in FIGS. 4 

15 and 5. 

FIG. 7 is a block diagram of a second example of the peak detection circuit in 
FIGS. 4 and 5. 

FIG. 8 is a block diagram of a third example of the peak detection circuit in FIGS. 
4 and 5. 

2 0 FIG. 9 is a block diagram of a fourth example of the peak detection circuit in FIGS. 

4 and 5. 

FIG. 10 is a block diagram of a fifth example of the peak detection circuit in FIGS. 
4 and 5. 

FIG. 11 is a block diagram of an example of a gain computation circuit in FIGS. 4 

25 and 5. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, preferred embodiments of the present invention will be described with 
reference to the accompanying drawings. 
5 FIG. 1 shows a configuration of an address information demodulation circuit for 

DVD. Referring to FIG. 1, the address information demodulation circuit includes an 
analog low pass filter (LPF) 1, an analog-to-digital converter (ADC) 2, a digital LPF 3, a 
digital AGC circuit 4 of the present invention, a carrier generation circuit 5, a phase 
adjustment circuit 6, a multiplier 7, an LPF 8 and a level detection circuit 9. 

10 In the address information demodulation circuit of FIG. 1, the analog LPF 1 

removes high-frequency noise from an input wobble signal, and the ADC 2 converts the 
resultant wobble signal to a digital signal. The digital LPF 3 further removes noise during 
passing of the digital signal therethrough. The digital AGC circuit 4 adjusts the gain so as 
to correct a variation in the amplitude of the output of the digital LPF 3 and keep the 

15 amplitude constant. The carrier generation circuit 5 generates a carrier from the input 
wobble signal, and the phase adjustment circuit 6 adjusts the phase of the carrier. The 
multiplier 7 multiplies the output of the phase adjustment circuit 6 by the output of the 
digital AGC circuit 4. The output of the multiplier 7 is smoothed by the LPF 8, to obtain 
address information via the level detection circuit 9. 

20 FIG. 2 shows a phase-modulated waveform of the input wobble signal in the 

address information demodulation circuit of FIG. 1. When one period of a channel clock is 
T, one period of the wobble signal corresponds to 32 periods of the channel clock (32T). 

FIG. 3 shows an example of variation in the amplitude of the input wobble signal in 
the address information demodulation circuit of FIG. 1. An input wobble signal varies in 

25 amplitude in many cases. This amplitude variation remains even after gain adjustment 
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with a large time constant is performed in an analog circuit. In view of this, the digital 
AGC circuit 4 in FIG. 1 adjusts the gain so as to correct such amplitude variation in the 
wobble signal and keep the amplitude constant. 

FIG. 4 shows a first example of the configuration of the digital AGC circuit 4 of the 
5 present invention. Referring to FIG. 4, the digital AGC circuit 4 includes a peak detection 
circuit 10, a gain computation circuit 20, a limiter 30, a delay circuit 40 and a multiplier 
50. Since the amplitude of the wobble signal largely varies in a short time as shown in 
FIG. 3, the digital AGC circuit 4 adopts feedforward control. 

The peak detection circuit 10 receives the wobble signal from the digital LPF 3 in 

10 FIG. 1 and detects a peak value in a time period equal to or more than a half period of the 
wobble signal. The detection of a peak value will not fail because either a positive or 
negative peak value of the wobble signal inevitably exists in this time period. The gain 
computation circuit 20 computes a gain adjustment coefficient from the peak value 
detected by the peak detection circuit 10, and supplies the gain adjustment coefficient to 

15 the multiplier 50. The limiter 30 limits the gain adjustment coefficient to be supplied to 
the multiplier 50 to within a fixed range. The delay circuit 40 delays the wobble signal 
received from the digital LPF 3 and outputs the delayed signal to the multiplier 50, for 
adjustment of digital-related delay generated when the gain adjustment coefficient is 
computed. The multiplier 50 multiplies the wobble signal supplied from the delay circuit 

2 0 40 by the gain adjustment coefficient, and sends the result to the multiplier 7 in FIG. 1. 

The gain adjustment coefficient output from the gain computation circuit 20 
increases or decreases the amplitude of the wobble signal. If no gain adjustment is 
necessary, the gain adjustment coefficient is 1. An excessively large or small gain 
adjustment coefficient is undesirable for the gain adjustment. Therefore, the limiter 30 is 

2 5 placed following the gain computation circuit 20 for setting the upper and lower limits of 
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the gain adjustment coefficient. With existence of the limiter 30, short-time sudden gain 
increase/decrease is prevented. The limiter 30 may be omitted. 

The delay circuit 40 in FIG. 4 may also be omitted. The digital-related delay 
generated when the gain adjustment coefficient is computed is only about one to two 
periods. Some degree of gain control is therefore possible without the delay adjustment by 
the delay circuit 40. However, omitting the delay circuit 40 is undesirable when the gain 
largely changes in a short time. 

FIG. 5 shows a second example of the configuration of the digital AGC circuit 4 of 
the present invention. Referring to FIG. 5, the digital AGC circuit 4 includes a peak 
detection circuit 10 receiving the output of the digital AGC circuit 4, a gain computation 
circuit 20, an integrator 35 and a multiplier 50. The operations of the peak detection circuit 
10 and the gain computation circuit 20 in FIG. 5 are the same as those described with 
reference to FIG. 4. The difference of this example from the example of FIG. 4 is that 
feedback control is adopted for the gain adjustment in this example. The multiplier 50 in 
FIG. 5 multiplies the wobble signal (output of the digital LPF 3) by a gain adjustment 
coefficient computed by the gain computation circuit 20 under feedback control. Use of 
feedback control delays the timing of the gain adjustment compared with the example of 
FIG. 4. However, this delay is only about one to two periods, which will not so largely 
affect the control of the gain adjustment. 

In FIG. 5, the integrator 35 is placed following the gain computation circuit 20. By 
integrating the gain adjustment coefficient by the integrator 35, delicate gain control is 
possible. The integrator 35 may be omitted. 

FIG. 6 shows a first example of the configuration of the peak detection circuit 10 in 
FIGS. 4 and 5. Referring to FIG. 6, the peak detection circuit 10 includes a one-period 
counter 11a and a maximum detection circuit 12. The one-period counter 11a counts 32 
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periods of a channel clock corresponding to one period of the wobble signal shown in FIG. 
2. The wobble signal inevitably has a positive peak value and a negative peak value in the 
32 periods of the clock. The maximum detection circuit 12 detects the positive peak value. 
Based on the output of the maximum detection circuit 12, the gain computation circuit 20 
5 computes the gain adjustment coefficient. 

FIG. 7 shows a second example of the configuration of the peak detection circuit 10 
in FIGS. 4 and 5. Referring to FIG. 7, the peak detection circuit 10 includes a one-period 
counter 11a, a minimum detection circuit 13 and an absolute value circuit 14. The 
minimum detection circuit 13 detects the negative peak value in one period of the wobble 

10 signal. The absolute value circuit 14 computes the absolute value of the output of the 
minimum detection circuit 13. Based on the output of the absolute value circuit 14, the 
gain computation circuit 20 computes the gain adjustment coefficient. 

FIG. 8 shows a third example of the configuration of the peak detection circuit 10 
in FIGS. 4 and 5. Referring to FIG. 8, the peak detection circuit 10 includes a one-period 

15 counter 11a, a maximum detection circuit 12, a minimum detection circuit 13 and a 
selector 15a. The maximum detection circuit 12 detects the positive peak value as the 
maximum value in 32 periods of a clock, and the minimum detection circuit 13 detects the 
negative peak value as the minimum value in the 32 periods of the clock. The selector 15a 
selects either one of the output of the maximum detection circuit 12 and the output of the 

2 0 minimum detection circuit 13, and outputs the selection result. For the gain adjustment, 
either one of the positive and negative peak values will suffice. 

FIG. 9 shows a fourth example of the configuration of the peak detection circuit 10 
in FIGS. 4 and 5. Referring to FIG. 9, the peak detection circuit 10 includes a one-period 
counter 11a, a maximum detection circuit 12, a minimum detection circuit 13 and a 

2 5 difference circuit 16. The operations of the maximum detection circuit 12 and the 



minimum detection circuit 13 are the same as those described above. The difference 
circuit 16 computes the difference between the output of the maximum detection circuit 12 
and the output of the minimum detection circuit 13, and outputs the computation result. 
Since the output of the maximum detection circuit 12 is the positive peak value and the 
output of the minimum detection circuit 13 is the negative peak value, the output of the 
difference circuit 16 is equal to the peak-to-peak value of the wobble signal. 

FIG. 10 shows a fifth example of the configuration of the peak detection circuit 10 
in FIGS. 4 and 5. Referring to FIG. 10, the peak detection circuit 10 includes a half-period 
counter lib, a maximum detection circuit 12, a minimum detection circuit 13, an adder 17 
and a selector 15b. The wobble signal inevitably has a positive peak value and a negative 
peak value in the 32 periods of the clock as shown in FIG. 2. This indicates that either the 
positive or negative peak value exists in a half period of the wobble signal. Since either 
one of the positive and negative peak values suffices for the gain adjustment, the gain 
adjustment can also be performed using the half-period counter lib. 

In FIG. 10, the operations of the maximum detection circuit 12 and the minimum 
detection circuit 13 are the same as those described above. The adder 17 adds the output of 
the maximum detection circuit 12 and the output of the minimum detection circuit 13. The 
sign of the output of the adder 17 changes depending on which peak value is larger in 
absolute value, the positive peak value or the negative peak value. When the absolute 
value of the positive peak value is larger, the output has a positive sign, while when the 
absolute value of the negative peak value is larger, the output has a negative sign. The 
selector 15b is switched according to the sign of the output of the adder 17, to select the 
maximum detection circuit 12 or the minimum detection circuit 13 whichever outputs a 
larger absolute value. The gain adjustment coefficient is computed based on the output of 
the selector 15b. 
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FIG. 11 shows an example of the configuration of the gain computation circuit 20 
in FIGS. 4 and 5. In FIG. 11, the gain computation circuit 20 includes a divider 21 for 
dividing a reference value by the output (peak value) of the preceding peak detection 
circuit 10. The division result is the gain adjustment coefficient. 
5 The divider 21 in FIG. 11 may be composed of a bit shift circuit for bit shift 

division, in which a bit sequence of a digital signal is bit-shifted to obtain the same effect 
as that obtained in normal division. Using this bit shift division, the division precision 
decreases but the circuit scale can be reduced. 

While the present invention has been described in preferred embodiments, it will be 
10 apparent to those skilled in the art that the disclosed invention may be modified in 
numerous ways and may assume many embodiments other than that specifically set out 
and described above. Accordingly, it is intended by the appended claims to cover all 
modifications of the invention which fall within the true spirit and scope of the invention. 
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